The site and extent of intrarenal fibrin deposition has been examined by routine histological staining, immunofluorescence, and electron microscopy in 109 patients with a wide variety of renal diseases. The findings have been correlated with the amount of urinary fibrin/fibrinogen degradation product (FDP) The role of intravascular coagulation in both experimental (Vassalli, Simon, and Rouiller, 1963) and human (McCluskey, Vassalli, Gallo, and Baldwin, 1966) renal diseases has recently attracted much attention. Lendrum, Fraser, Slidders, and Henderson (1962) described histological methods for staining fibrin of varying age and since then the techniques of immunofluorescence and electron microscopy have been applied to the assessment of fibrin deposition. It is thus important to determine the accuracy, limitations, and value of the methods currently available for the detection of fibrin in renal biopsy material.
The role of intravascular coagulation in both experimental (Vassalli, Simon, and Rouiller, 1963) and human (McCluskey, Vassalli, Gallo, and Baldwin, 1966) renal diseases has recently attracted much attention. Lendrum, Fraser, Slidders, and Henderson (1962) described histological methods for staining fibrin of varying age and since then the techniques of immunofluorescence and electron microscopy have been applied to the assessment of fibrin deposition. It is thus important to determine the accuracy, limitations, and value of the methods currently available for the detection of fibrin in renal biopsy material.
In this study of human renal biopsies a comparison has been made between the detection of fibrin/ fibrinogen by immunofluorescence and the assessment of fibrin deposition as observed with routinely used histological fibrin stains and by electron microscopy. These results have been correlated with the urinary fibrin/fibrinogen degradation product (FDP) excretion.
Methods
Percutaneous renal biopsy was performed on 109 unselected patients, adults and children, with various renal diseases of both immunological and nonimmunological origin ( The amount of fibrin deposited in a single glomerulus in 87 cases was assessed on the following scale: 0, no abnormal deposits; + a rarefied layer between the basement membrane and the endothelium containing strands of osmiophilic material (Fig. I) ; + + the presence, in addition, of definite focal deposits of dark, fibrillar, or granular material between the basement membrane and the endothelium, these often showing apparent continuity with the basement membrane (Fig. 2) ; + + + similar but more abundant material sometimes present also Identification of intrarenal fibrin deposition Fig. 3 The subendothelial deposits are more abundant than in Fig. 2 , and are associated with reaction of the mesangial cytoplasm, which can be seen here between basement membrane and endothelium. The deposited material is in contact with the lumen through the fenestrae. Electron microscopic grade + + +. x 12 000 in the capillary lumen and often associated with a mesangial reaction (Fig. 3) ; + + + + complete occlusion of the glomerular capillary lumen by thrombus (Fig. 4a) (Fig. 7) ; + + + + deposits By immunofluorescence microscopy the glomeruli contained a large amount of IgG, IgM, and complement (C) but only small amounts offibrin/fibrinogen; maximal urinary FDP excretion was in the range of 2 to 5 mg/ml. x 7500 within glomeruli and elsewhere such as epithelial products (FDP) in the urine was measured in 94 crescents, interstitial spaces, or intertubular blood patients by the tanned red cell haemagglutination vessels (Fig. 8) .
inhibition immunoassay (Merskey, Kleiner, and Johnson 1966; Das, 1970) , as modified for urine URINARY FIBRIN/FIBRINOGEN DEGRADATION (Clarkson, Morton, and Cash, 1970) 'See methods for details of grading measurements is good (p < 0O001) but with a slight tendency towards overassessment by electron microscopy, eg, eight patients were considered as + + + + by electron microscopy but had a urinary FDP concentration of 5 ,ug/ml or less. In these patients fibrin was present, but in no case was it assessed as greater than + + by immunofluorescence. In addition these patients had considerable deposits of jmmunoglobulin, particularly IgG and IgM, and complement (C3) (Fig. 4b) . The histological diagnosis of these patients was proliferative glomerulonephritis in six and mesangiocapillary glomerulonephritis in one; one patient had clinical partial lipodystrophy. Of the two patients with high urinary FDP concentration but little electron microscopic evidence of fibrin deposition, one had acute tubular necrosis (urine FDP 5-10 ,ug/ml; EM grading 0) and the other had a mild proliferative glomerulonephritis (urine FDP > 20 ,ug/ml; EM grading +). Table VI compares the maximal urinary FDP concentration with the immunofluorescence findings. The most consistently elevated values were found where fibrin was seen in extraglomerular positions, ie, within crescents, interstitium, blood vessels, or tubules. In all patients with glomerular capillary deposition of fibrin the abnormal FDP excretion was cyclical, with varying intervals of minimal excretion between periods of more marked abnormality (two to 25 days). This was most apparent in patients with proliferative glomerulonephritis. Table IV shows the maximal urinary FDP concentration compared with the electron microscopy findings.
Discussion
The intravascular deposition of fibrin is a dynamic process beginning with the alteration of fibrinogen by thrombin, progressing to the formation of fibrin, and eventually to the production of various degradation products. It would seem unlikely, therefore, that the presently available routine histological stains would have an equal affinity for the wide variety of forms through which fibrin passes. In this study we have found a poor relationship between histological stains and the immunofluorescent detection of fibrin, though this may be due to some extent to the fact that we have not carried out the prolonged fixation for two to three weeks in aqueous mercuric chloride or the degreasing recommended by Lendrum and his coworkers (1962) . We omitted these steps because (1) the quantity of material we employed, obtained by needle biopsy, was small and therefore fixed readily, and (2) This leads to difficulty in the interpretation of electron micrographs; in the present study there is a reasonable relationship between the identification of fibrin by the electron microscope and the excretion of FDP in the urine, but there is a tendency to overdiagnosefibrin byelectron microscopycompared with identification by immunofluorescence microscopy, and this is probably explained by the similar appearance of certain products of fibrin formation and degradation and of other protein deposits. This was confirmed by finding considerable deposits of immunoglobulins and complement in those biopsies scored as + + or greater by electron microscopy and containing FDP in the urine of less than 5 /g/ml (Figs. 4a and b) . In addition, of the eight patients with diabetes mellitus five were graded as + + or greater by electron microscopy, but showed no specific immunofluorescence. With the currently available techniques, the electron microscope cannot clearly distinguish the exact nature of protein deposits; certain features such as the apparent continuity of deposits with the basement membrane and the presence of a rarefied and slightly fibrillar subendothelial layer suggest that the material present is fibrin, but definite identification is not possible without typical periodicity.
The immunofluorescence microscopy grading of fibrin deposits is not strictly comparable with the electron microscopic assessment. However, it probably represents a more accurate estimation of the distribution of intrarenal fibrin, since it is possible to visualize several glomeruli and other important structures such as blood vessels. Immunofluorescence grading depends more on distribution than on a quantitative assessment. This is necessarily so as methods of immunofluorescence microscopy quantitation on tissue sections are difficult, time consuming, and unlikely to reveal much additional information when employed on a routine basis.
There is a very close agreement between the fibrin distribution as assessed by immunofluorescence and the maximal excretion of FDP in the urine. Where the fibrin deposits were confined to the glomerulus and present only in the capillary wall or mesangium, there was a slight increase in urine FDP excretion. This was presumably due to a limited activation of the coagulation system with adequate removal by lysis and phagocytosis. However, where fibrin was detected occluding the capillary lumen, in epithelial crescents, or in peritubular capillaries, urinary FDP concentrations were considerably increased. Most patients in this group were found to have progressive proliferative glomerulonephritis or acute ischaemic renal failure. Since the urinary excretion of FDP is episodic in many cases of proliferative glomerulonephritis, it is important to measure daily urine concentrations for up to 25 days to ensure that positive cases are not missed. The serial measurement of urinary FDP provides a good method of following the state of intrarenal fibrin deposition and therefore the natural history or response to therapy of the basic pathological process.
This study therefore confirms the involvement of the coagulation system in a wide variety of renal diseases. It has demonstrated the limitations of the routine histological stains and of electron microscopy in assessing the degree of fibrin deposition in renal biopsy specimens. The close relationship between the intrarenal fibrin as detected by specific immunofluorescence and the maximum urinary FDP excretion confirms the value of the latter technique in following patients over considerable time intervals. In addition it suggests that the distribution of fibrin, as viewed by immunofluorescence, may be of more significance than an estimate of the total amount deposited.
